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Method £br driving an actuator, actuator drive, and apparatus comprising an actuator 

EPO-DG1 
30. 11 2001 

The present invention relates in general to a method for driving an actuator. 
SpecijBcally, but not exclusively, the present invention relates to an optical disc drive which 
comprises actuators for optical beam focussing, for track following, for tilting an optical 
pickup, etc. Therefore, in the following, the invention will be specifically e3q)lained for such 
5 application. However, it is noted that this explanatory application is not to be understood as 
limiting the use of the present invention, as the present invention can be used in various 
^plications. 

10 As is conmaonly known, an optical storage disc comprises at least one track, 

eiflier in the form of a continuous spiral or in the form of multiple concentric circles, of 
storage space where information may be stored in the form of a data pattern. Optical discs 
may be read-only type, where information is recorded during manufacturing, which 
information can only be read by a user. The optical storage disc may also be a writable type, 

15 where information may be stored by a user. A disc drive apparatus for writing/reading 

information into/from an optical storage disc will hereinafter also be indicated as "optical 
disc drive". Since the technology of optical discs in general, the way in which information 
can be stored in an optical disc, and the way in which optical data can be read from an optical 
disc, is commonly known, it is not necessary here to describe this technology in more detail. 

20 For writing information in the storage space of the optical storage disc, or for 

reading information from the disc, an optical disc drive comprises, on the one hand, rotating 
means for receiving and rotating an optical disc, and on the other hand, for scanning the 
storage track of the rotating disc, the optical disc drive comprises a light beam generator 
device (typically a laser diode), an objective lens for focussing the light beam in a focal spot 

25 on the disc, and an optical detector for receiving the reflected light reflected from the disc 
and for generating an electrical detector output signal. 

During operation, the light beam should remain focussed on the disc. To this 
end, the objective lens is arranged axially displaceable, and the optical disc drive comprises 
focal actuator means for controlling the axial position of the objective lens. Further, the focal 
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spot should remain aKgned with a track or should be capable of being positioned with respect 
to a new track. To this end, at least the objective lens is mounted radially displaceable, and 
the optical disc drive comprises radial actuator means for controlling the radial position of the 
objective lens. 

In practice, it may happen that a disc is tilted with respect to its rotation axis. 
For better playabihty, many disc drives have the objective lens mounted such that it can be 
tilted, and comprise a tilt actuator for controUmg the tilt position of the objective lens. 

The performance of actuators depends strongly on the parameters of the 
actuators themselves. It is, however, not always possible to accurately detemiine all actuator 
parameters: the parameters of different actuators will always show a certain amount of 
mutual difference, caused by tolerances during manufecturing. Also the actuator parameters 
may depend on influences from the surroundings, such as for instance tanperatuie. It is 
desirable that an actuator system is robust with a view to parameter variations. 

An hnportant requirement to an actuator is its speed. The actuator should be 
capable of quickly followmg deviations or displacements of the track. On the other hand, it 
may happen that an actuator looses its target position, m which case the actuator should be 
capable of quick recovery and quickly finding its target position again. For instance, it may 
happen that the objective lens looses its track and/or becomes out-of-focus due to, for 
instance, an external mechanical shock. But also when a disc drive apparatus is switched on, 
the actuators need to quickly find a defined position. Further, if the objective lens is to be 
displaced towards another track, such displacement should be as quick as possible. 

Under normal circumstances, when the actuator is at its target position, the 
stability of the actuator control is enhanced by a controller receiving information on actual 
position in a feedback loop. Deviations between actual position and target position are 
usually small, and any corrective action can be small. If the actuator has lost its target 
position, for instance caused by mechanical shock, or has not yet reached any defined 
position, for instance during an mitializing phase of operation, or is to be displaced to another 
position, for instance in a jump firom one track to another, the displacement distances can be 
relatively large, and overshoot may easily occur. 

Under normal circumstances, the deviation from a target position is relatively 
small, and a servo system is capable of controlling the actuator on the basis of an error signal 
indicating the magnitude of the deviation between actual position and target position. Such 
error signal i^'however, only available for relatively small deviations; once the deviation is 
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too large, the servo system can not control the actuator any more due to absence of the error 
signal. 

Mechanical shocks are particularly problematic in the case of a disc drive 
apparatus mounted in a moving vehicle, such as an automobile. In that case, the mechanism 
5 may be subjected to frequent shocks and vibrations, depending on road conditions, leading to 
large position deviations of the actuator, so that it may be very difficult for an actuator to 
recover. 

A main objective of the present inveation is to overcome these problems. 



10 

According to an important aspect of the present invention, an actuator is 
provided with an electronic damping circuit. 

According to a preferred aspect of the present invention, such electronic 
damping circuit provides a negative resistance in an actuator drive loop. 
1 5 According to a further preferred aspect of fho present invention, such 

electronic damping circuit is controllable to be switched on or ofi^ or to adapt the negative 
resistance value, depending on the condition of the actuator and the need for increased 
damping. 



20 

These and other aspects, features and advantages of the present invention will 
be further explained by the following description of the present invention with reference to 
the drawings, in which same reference mmaerals indicate same or similar parts, and in which: 

Fig. 1 schematically shows an optical disc drive 
25 Fig. 2 is a block diagram illustrating a driving circuit for an actuator in 

general; 

Figs, 3 A-B illustrate possible arrangements of a driver, an actuator and an 
electrical damping element; 

Fig. 3C illustrates a driver with a negative internal resistance; 
30 Fig. 4 is a block diagram illustrating an exemplary embodiment of an electrical 

damping element; 

Fig. 5 is a block diagram illustrating an actuator driver drcuit having a 
switchable internal resistance; 



PHNL021428EPP 



* 19.12.2002 
Fig. 6 is a block diagram illustrating an actuator driver circuit having a 
switchable internal resistance. 



Figure 1 schematically shows an optical disc drive 1, suitable for storing 
information on or reading information from an optical disc 2. The disc drive apparatus 1 
comprises a motor 4 defining a rotation axis 5. 

The disc drive apparatus 1 further comprises an optical system 30 for scanning 
tracks (not shown) of the disc 2 by an optical beam. More specifically, the optical system 30 
comprises a Ught beam generating means 31, typically a laser such as a laser diode, which is 
arranged to generate a Ught beam 32a which passes a beam spUtter 33 and an objective lens 
34. The objective lens 34 focuses the light beam 32b on the disc 2. 

The disc drive apparatus 1 finther comprises a radial actuator 1 1, designed for 
regulating the radial position of the objective lens 34. The disc drive apparatus 1 also 
comprises a focus actuator 12 arranged for axiaUy displacing the objective lens 34 in order to 
achieve and maintain focusing of the Hght beam 32b exactly on the desired location of the 
disc 2. Since radial actuators and focus actuators are known per se, while the present 
invention does not relate to the design and functioning of such actuators, it is not necessary 
here to discuss the design and fimctioning of an actuator in great detail. 

The Ught beam 32b reflects from the disc 2 (reflected Ught beam 32c) and 
passes the objective lens 34 and the beam spUtter 33 (beam 32d) to reach an optical detector 
35 which produces a read signal Sr. 

The disc drive apparatus 1 fiirther comprises a control unit 90 having a first 
output 90a connected to a control input of the motor 4, having a second output 90b coupled to 
an input of the radial actuator 1 1, and having a third output 90c coupled to an input of the 
focus actuator 12. The confrol unit 90 is designed to generate at its Gxst output 90a a control 
signal ScM for the motor 4, to gend-ate at its second control output 90b a control signal Sqr 
for the radial actuator 11 , and to generate at its third control output 90c a control signal Scf 
for the focus actuator 12. 

As should be clear to a person skiUed in the art. the read signal Sr comprises 
at least one signal component which indicates the radial displacement of the objective lens 34 
v^th.resp.ecttoatrack(target_j)psitionpfra*^ 
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signal component which indicates a deviation of the objective lens 34 with respect to a focus 
condition (target position of focus actuator). 

In the exemplary embodiment illustrated in figure 1, the control unit 90 further 
has a read signal input 90d for receiving the read signal Sr firom the optical detector 35, and 
5 the control unit 90 is designed to generate its actuator control signals Scr and Sqf on the 
basis of the read signal Sr firom the optical detector 35, such as to keep the actuators in their 
respective target positions, as should be clear to a person skilled in the art. 

Figure 2 is a block diagram illustrating in more detail the driving of an 
actuator in general; in this figure, the actuator is indicated by reference numeral 50, and can 

10 be considered to represent any of the actuators 11, 12 discussed above. Actuator 50 has an 
electrical input 51, comprising input terminals 51a and 51b, which connects to at least one 
actuator coil 52. The output of the actuator 50 is mechanical, consisting of a force and/or 
displacement applied to the objective lens 34, schematically represented by an arrow F. 

A drive signal source 60, which is shown as part of the control imit 90, 

15 generates a drive signal Sd for the actuator 50, which drive signal Sp is provided at an ou^ut 
61, comprising output terminals 61a and 61b. In the embodiment shown, a first actuator irqput 
terminal 51a is connected to a first source output terminal 61a while a second actuator input 
terminal 51b is connected to a second source output terminal 61b, Thus, the current loop for 
the drive signal Sd is made visible. Normally, however, the drive signal source 60 does not 

20 have a separate second output terminal 61b, only the first output terminal 61a, whereas the 
drive signal source 60 has a reference terminal 62 coimected to mass, as illustrated in dotted 
lines. A similar remark applies to the actuator 50, Then, the line connecting second source 
output terminal 61b to second actuator input teraiinal 51b may actually be constituted by 
mass itself. 

25 In the following, the first actuator input terminal 51a will also be indicated as 

signal input terminal, while the second actuator input terminal 5 lb vnll also be indicated as 
mass terminal. 

Said drive signal Sd from drive signal source 60 can be considered to 
represent any of the actuator drive signals Scr and Sep discussed above, fii response to said 
30 drive signal Sd, the actuator 50 displaces the objective lens 34. The actuator 50 exerts a 
certain force on said objective lens, and as a result the objective lens moves with a certain 
velocity v and acceleration a. The objective lens is subjected to a counter-force, proportional 
to its velocity v, which is called damping. Damping is partly caused by mechanical properties 
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of the actuator-object system, and partly has an electrical origin, involving the back-EMF of 
the actuator coil 52. 

As should be clear to a person skilled in the art, the quality factor Q of a 
system is a measure of the damping of such system, high Q corresponding to low dampmg. In 
the case of an actuator^ the total quality factor Qx can be expressed as 

i_ 

wherein Qm represents mechanical contribution to damping and Qb represents electrical 
contribution to damping. Qm and Qe will be referred to as mechanical and electrical quality 
factors, respectively. 

It can be shown that the electrical quality factor Qb is proportional to the total 
electrical resistance Rt in the current loop between drive signal source 60 and actuator 50, 
inductance and capacitance of the actuator coil 52 being neglected here. The total electrical 
resistance Rt comprises a contribution Rs from the source 60 (intemal resistance Rs), a 
contribution Ra from the actuator 50 (load resistance Ra), and a contribution Rp from the 
path from source output 61 to actuator input 51 and back, according to Rx = Rs + Ra + 1^. 

Electrical damping can be increased by decreasing the total electrical 
resistance Rj. la the prior ar^ even if the source 60 is designed to ^roach the behavior of 
an ideal voltage source, i.e. to have an intemal resistance zero, the actuator 50 still provides a 
substantial resistance, setting limits to the amount of damping attainable. 

According to the present invention, the total electrical resistance Rj is reduced 
by incorporating an element with a negative resistance in the loop between source and 
actuator, so that Rp < 0. Such element will hereinafter be indicated as electrical damping 
element 100. 

Figures 3A-C illustrate an actuator assembly 300 comprising an actuator 50, a 
drive signal source 60, and an electrical damping element 100 arranged in a drive signal path 
between source 60 and actuator 50. Figure 3 A illustrates that such electrical dampmg element 
100 can be arranged between driver output terminal 61a and signal input terminal 51a of the 
actuator 50. Figure 3B illustrates that such electrical damping element 100 can be arranged 
between mass terminal 51b of the actuator 50 and mass. 
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The electrical damping element 100 can be implemented as a separate element, 
functioning as auxiliary negative resistance load in series with the actuator load 50. Thus, it is 
possible to add such electrical damping element 100 to existing actuator arrangements. 

Based on the arrangement of figure 3A, it is also possible that the electrical 
damping element 100 is integrated with the source 60, as illustrated in figure 3C. The 
combination of such source 60 mth such electrical damping element 100 can be considered 
as an actuator driver circuit 160, in which case the electrical damping element 100 fimctions 
as output stage. The intemal resistance of this actuator driver circuit 160 includes the 
resistance of the electrical damping element 100, which is designed in relation to the intemal 
resistance of the driver 60 such that the overall intemal resistance of the actuator driver 
circuit 160 is negative. 

Figure 4 shows an exemplary embodiment of an electrical damping element 
100, having an input temiinal 101 and an output terminal 103. In the arrangement of figure 
3A, the input terminal 101 is connected to driver output terminal 61a while the output 
temiinal 103 is connected to actuator signal input terminal 51a. In the arrangement of figure 
3B, the input teraunal 101 is connected to actuator mass terminal 51b while the output 
terminal 103 is connected to mass. In the actuator driver circuit 160 of figure 3C, the output 
terminal 103 is connected to a signal output terminal 161 of the actuator driver circuit 160. 

In this embodiment, the electrical damping element 100 comprises a 
differential amplifier or operational amplifier 110 having an inverting input 111 and a non- 
inverting input 1 12, and an output 1 13. A first resistor Rl has one terminal connected to the 
non-inverting input 1 12 of the amplifier 110 and has its other terminal connected to element 
input 101. A second resistor R2 connects amplifier output 113 to said non-inverting input 1 12 
of the amplifier 1 10. A third resistor R3 has one terminal coimected to the amplifier output 
113 and has its other terminal coimected to element output 103. A fourth resistor R4has one 
temiinal connected to the inviting input 1 1 1 of the amplifier 110 and has its other temiinal 
connected to element output 103. A fifth resistor R5 has one terminal connected to the 
inverting input 111 of the amplifier 110 and has its other terminal connected to mass. 

The electrical damping element 100 behaves as having a negative resistance 
Rp, defined as Rp = Vout/Iout In a simplified embodiment, the fourth and fifth resistors R4 
and R5 can be omitted, the fourth resistor R4 being replaced by a conductor (zero ohm). As 
will be clear to a person skilled in the art, the resistance Rp can then be expressed according 
to 
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Thus, by suitably selecting the resistance values of the three resistors Rl, R2 and R3, it is 
possible to set the negative resistance Rp of the electrical damping element 100 to a desired 
value. More degrees of freedom are available when using the fourth and fifth resistors R4 and 
R5. Likewise, by suitably selecting the resistance values of the resistors Rl to R3 (and 
possibly R4 and R5), it is possible to set the gain of the electrical damping element 100 to a 
desired value, as should be clear to a person skilled in the art. 

In the above examples, the electrical damping element 100 is always active, so 
that the electrical damping of the actuator is always high. Preferably, the electrical damping 
is low under normal operative conditions, and can be increased under control of the control 
unit. Figure 5 illustrates an embodiment, based on the embodiment of figure 3C, where a first 
controllable switch 120 is incorporated between source output 61a and input tenninal 101 of 
electrical damping element 100. The first controllable switch 120 has a main terminal 121 
connected to source output 61a and a first switch terminal 122 connected to input terminal 
101 of electrical damping element 100. Further, a second controllable switch 130 is 
incorporated between circuit output 161 and output tenninal 103 of electrical damping 
element 100. The second controllable switch 130 has a main terminal 131 connected to 
circuit output 161, a first switch terminal 132 connected to output terminal 103 of electrical 
damping element 100, and a second switch terminal 133 connected to a second switch 
terminal 123 of the first controllable switch 120. The first and second controllable switches 
120 and 130 have control terminals 124 and 134, respectively, for receiving control signals. 

Responsive to the control signal received at its control terminal 124, the first 
controllable switch 120 is either in a first opraative state where its main tenninal 121 is 
connected to its first switch tenninal 122 or in a second operative state where its main 
tenninal 121 is connected to its second switch tenninal 123. Likewise, responsive to the 
control signal received at its control tenninal 134, the seco^d controllable switch 130 is either 
in a first operative state where its main tenninal 131 is connected to its first switch tenninal 
132 or in a second operative state where its main tenninal 131 is connected to its second 
switch tenninal 133. Thus, in flie first operative state of the switches, the damping element 
100 is effectively arranged in the signal path &om source output 61a to circuit output 161 so 
that the damping is high; whereas in the second operative state of the switches, the damping • — 
element 100 is effectively bypassed so that the damping is low. 
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The control unit 90 is designed to generate a control signal for the controllable 
switches 120 and 130, effectively increasing or decreasing the electrical damping of the 
actuator 50, depending on an operative condition of the actuator. If the control unit 90, on the 
basis of, for instance, an error signal derived from the optical read signal Sr, determines that 
5 the actuator has lost its target position, it controls the controllable switches 120 and 130 to 
take their first operative state, otherwise it controls the controllable switches 120 and 130 to 
take their second operative state. 

For instance, if an error signal indicates that the focus actuator 12 has lost 
focus, or that the radial actuator 1 1 has lost track, or in case of absence of the error signal, the 

10 control unit 90 controls the controllable switches 120 and 130 of the corresponding actuator 
driver circuit to take their first operative state, so that the electrical damping of the 
corresponding actuator is increased. Eventually, the controller(s) for the respective control 
loop(s) may be switched off. As soon as a suitable error signal is present again and indicates 
that the focus actuator 12 has regained focus, or that the radial actuator 1 1 regained track, 

15 respectively, the control imit 90 controls the controllable switches 120 and 130 of the 

corresponding actuator driver circuit to take their second operative state, so that the electrical 
damping element 100 is bypassed and the electrical damping of the corresponding actuator is 
decreased. If needed, the controller(s) for the respective control loop(s) will be switched on 
again. 

20 In another example, if the control imit 90 receives a conmiand indicating a 

jump to another track, or during a power-up phase, the control unit 90 controls the 
controllable switches 120 and 130 of the actuator driver circuits to take their first operative 
state, so that the electrical damping of the corresponding actuator is increased. As soon as the 
new target track has been reached in a sxifficient approximation, or the power-up phase has 

25 ended, the control unit 90 controls the controllable switches 120 and 130 of the actuator 
driver circuits to take their second operative state, so that the electrical damping of the 
corresponding actuator is decreased. 

In the above, it is explained that the negative resistance element 100 is either 
switched on or off as a whole. However, it is also possible to selectively change the 

30 resistance value of the negative resistance element 100 in order to increase/decrease the 

resistance value as desired. Figure 6 illustrates an embodiment, based on the embodiment of 
figure 3 A, where a controllable switch 140 is incorporated between non-inverting input 112 
of amplifier 110 and second resistor R2. The controllable switch 140 has a main terminal 141 
connected to non-inverting input 1 12 of amplifier 110 and a first switch terminal 142 
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connected to second resistor R2. A second switch tenninal 143 is connected to a terminal of 
an alternative second resistor R2', which has its other tenninal connected to amplifier output 
1 13. This controllable switch 140 has a control terminal 144, for receiving control signals. 

Responsive to the control signal received at its control terminal 144, the 
5 controllable switch 140 is either in a first operative state where its main terminal 141 is 

connected to its first switch terminal 142 so that the origmal second resistor R2 is operative, 
or in a second operative state where its main temiinal 141 is connected to its second switch 
terminal 143 so that the alternative second resistor R2' is operative. Referring to the 
expression Rp = -RlxR3/R2 as given above, it will be clear that the damping is changed by 
10 switching operative resistors. 

This switching of resistors is not restricted to one resistor; it is possible that 
two or more of the components of element 100 are switched in order to change the 
characteristic features of the element 100, especially the resistance value and/or gain. 

Switching resistors is not restricted to two alternative values; it is possftle that 
15 three or more alternative resistors are available for any resistor position, associated with a 
controllable switch having three or more states. 

It is noted that, if the damping of an actuator is changed, time-constants of a 
corresponding actuator controller change also. 

It should be clear to a person skilled in the art that the present invention is not 
limited to the exemplary embodiments discussed above, but that various variations and 
modifications axe possible within the protective scope of the invention as defined in the 
appending claims. 

For instance, the present invention can be used to increase the damping of an 
actuator in an BluRay disc drive, a DVD+RW drive, a CD drive, an SFFO drive, etc. 
Application of the present invention may result in higher speed, better playabiKty, and better 
shock-insensitivity, which is especially important in portable drives. However, the present 
invention is not restricted to the field of optical disc drives. The proposals of the present 
invention are also applicable in magnetic disc drives. But. more generally, the present 
mvention can be appUed m any situation where it is desirable to increase the damping of an 
actuator, not necessarily bemg part of a disc drive ^paratus. 

Further, selectively switching a damping element into or out of the signal path 
can also be implemented in actuator arrangement embodiments as iUustrated in figures 3A-B, 
whereas selectively switching one or more of the components of the electrical damping- 
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element can also be implemented in an actuator arrangement embodiment as illustrated in 
figure 3B or in an actuator circuit embodiment as illustrated in figure 3C. 
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CLAIMS: EPO - DG 1 

30. 12. 2002 




1 . Method for driving an actuator, the method comprising the step of svdtably 

amending the electrical damping of the actuator. 



2. Method according to claim 1, wherein the electrical damping of the actuator is 
5 amended by amending the electrical resistance of an actuator drive loop. 

3. Method according to claim 2, wherein the electrical resistance of the actuator 
drive loop is amended by switching in or out an electrical damping element providing a 
negative resistance. 

10 

4. Method according to any of claims 1-3, wherein the electrical damping of the 
actuator is increased with respect to the damping during normal operative conditions when an 
actuator position deviates from a target position, and wherein the electrical damping of the 
actuator is decreased to the normal damping when the actuator has recovered the target 

15 position. 

5. Method according to any of claims 1-4, applied in an optical disc drive for 
radially driving an objective lens radial actuator, wherein the electrical damping of the radial 
actuator is increased when a radial error signal indicates a radial error exceeding a predefined 

20 threshold, or when the radial error signal becomes absent; 

and wherein the electrical damping of the radial actuator is decreased to the 
normal damping when the radial error signal indicates said radial error decreasing below said 
predefined threshold, or when the radial error signal returns, respectively. 

25 6. Method according to any of claims 1-4, applied in an optical disc drive for 

axially driving an objective lens focus actuator, wherein the electrical damping of the focus 
actuator is increased when a focus error signal indicates a focus error exceeding a predefined 
threshold, or when the focus error signal becomes absent; 



PHNL021428EPP 



19.12.2002 

and wherein the electrical damping of the focus actuator is decreased to the 
normal damping when the focus error signal indicates said focus error decreasing below said 
predefined threshold, or when the focus error signal returns, respectively. 

5 7. Method according to any of claims 1-4, applied in an optical disc drive for 

radially driving an objective lens radial actuator or for axiaUy driving an objective lens focus 
actuator, wherein the electrical damping of the actuator is increased in response to a 
command indicating a jump to another track, or during a power-up phase, and wherein the 
electrical damping of the actuator is decreased to the normal damping when the new target 
1 0 track has been reached or when the power-up phase has ended, respectively 



8. 



Actuator driver circuit having a negative internal resistance. 



9. Actuator driver drcuit comprising a drive signal source and an electrical 

15 dampmg element having a negative resistance comiected in series with the drive signal 



source. 



10. Actuator driver circuit according to claim 9. comprising controllable means for 
selectively switching said electrical damping element into or out of a signal p«h ftom a drive 

20 signal source output to a driver circuit output 

11. Actuator driver circuit according to claim 9 or 10, comprising controUable 

means for selectivelyswitching components of said electrical damping element into or out of 
operation in order to adjust damping properties of the electrical damping element 

12. Actuator assembly comprising an actuator, a drive signal source, and an 
electncal damping element having a negative resistance comiected in series with the drive 
signal source and the actuator. 

13. Actuator assembly according to claim 12. ftother comprising controUable 
means for selecdvely switching said elecWoal damping element iMo or out of a signal path 
between the drive signal source and the actuator. 
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14. Actuator assembly according to claim 12 or 13, further comprising 

controUable means for selectively switching components of said electrical damping element 
into or out of operation in order to adjust damping properties of the electrical damping 
element. 



15. Disc drive apparatus for reading or writing a disc, the apparatus comprising a 

pickup element and at least one actuator for manipulating the pickup element; 

wherein the disc drive apparatus comprises an actuator driver circuit according 
to any of claims 8-11 or an actuator assembly according to any of claims 12-14. 



16. 



Disc drive apparatus according to claim 15, wherein said pickup element 



IS an 



objective lens of an optical system for scanning tracks of an optical disc. 
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An actuator driver circuit (160) comprises a drive signal source (60) and an 
electrical damping element (100) having a negative resistance (Rp) connected in series with 
the drive signal source (60). A controllable switch (120) is provided for selectively switching 
said electrical damping element (100) into or out of a signal path from a drive signal source 
5 output (61) to a driver circuit output (161), in order to selectively amend the electrical 

damping of an actuator, especially to increase the electrical damping of a radial actuator (1 1) 
or a focus actuator (12) of an optical disc drive in case of loss of track or loss of focus, 
respectively. 



10 Fig. 3A 
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